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Japanese push SiC power 
Cooperative work between two of Japan’s premier research bodies came up with faster, more
efficient SiC transistors. Now industry, in the form of Toyota and Denso Corp may have 
found a new route to growing defect-light SiC material which, as one commentator puts it, 
will ‘challenge silicon’s crown’
Mid year, Japan’s National
Institute of Advanced Indust-
rial Science and Technology
(AIST) and the Japan Atomic
Energy Research Institute
(JAERI) developed silicon
carbide based transistors
which achieved a record for
electron channel mobility,
speed and efficiency.
AIST and JAERI started co-oper-
ative research in July 2002,on
overcoming the problems asso-
ciated with SiC growth. SiC has
many different crystal struc-
tures (polytypes) such as cubic,
hexagonal, and rhombohedral
structures.
Although cubic SiC (3C-SiC)
has the best electric properties
of all polytypes,high quality
3C-SiC wafers have been diffi-
cult to grow.Hence,progress in
the crystal growth of 3C-SiC
has been regarded a key issue.
In addition,making SiC-based
electronic devices requires the
development of a means to
selectively dope impurities as
well as form the SiC insulating
layers.
In the research, AIST covered
the technology for growing
high-quality epitaxial layers of
3C-SiC. JAERI’s task was the
development of transistor 
fabrication process technolo-
gies. As a result, AIST has suc-
ceeded in using the chemical
vapour deposition (CVD) tech-
nique for growing high quality
p-type 3C-SiC epilayers on 3C-
SiC substrates supplied from
HOYA Advanced
Semiconductor Technologies
Co Ltd.
JAERI, on the other hand, has
developed the ability to form
n-type regions in a p-type epi-
layer by hot-implantation of
phosphorus ions, in addition
to the formation of an insulat-
ing oxide film by pyrogenic
oxidation. Consequently
JAERI and AIST have together
succeeded in fabricating the
world’s best n-channel 3C-SiC
MOSFETs with electron chan-
nel mobility of 230cm2/Vs.
More device R&D
After further development of
these devices, these are
expected to be a suitable
replacement for Si power
devices. Due to superior per-
formance, larger reductions in
wasted energy are expected.
The application of SiC devices
in space and nuclear power
plants is also expected to
result in the realisation of high-
er radiation resistant devices
and longer satellite lifetimes.
To ensure both plans are ful-
filed, further investigations are
necessary to improve the crys-
tal quality of 3C-SiC epilayers,
and in doing so, the SiC MOS-
FET channel mobility. R&D
into controlling the threshold
voltage and increasing the reli-
ability of oxide layers for 3C-
SiC MOSFETs is also indispen-
sable
And in August [Nature, 430,
1009 (2004)] came the news
that a long-sought after
method to grow defect-free
silicon carbide (SiC) single
crystals for use as semicon-
ductor wafers has been devel-
oped by a team of Japanese
researchers. SiC could now
begin to be used as a more
durable replacement for stan-
dard silicon semiconductors
in a range of electronic
devices for high-power, high-
frequency, and high-tempera-
ture applications.
Daisuke Nakamura and
Kazumasa Takatori at Toyota
Central R&D Labs in Aichi,
Japan,with colleagues at
Denso Corp have now solved
this problem by growing SiC
crystals in several stages. At
each stage, the crystal is care-
fully rotated so the solidifying
compound crystallises on the
best, least-blemished face. New
direction crystal growth inher-
its fewer defects. Repeating
this step-growth process on
different perpendicular faces,
gradually obtains crystals with
decreasing defects.
Lower defect 
SiC wafers
The Japanese team can now
make SiC wafers several cm
diameter, that have up to
three orders of magnitude
fewer defects than traditional
SiC crystals.
“These substrates will pro-
mote the development of
high-power SiC devices and
reduce energy losses of the
resulting electrical systems,”
says Nakamura. Applications
include amplifiers and power
converters that operate under
extreme or prolonged condi-
tions in jet engines, automo-
biles, and household appli-
ances, he adds.The SiC tech-
nology could be put in practi-
cal use by about 2010.
A  4” 200micronmeter thick 3C silicon carbide wafer from HOYA
